Seventeen strains corresponding to Flavobacterium spiritivorum, seven strains corresponding to or received as Sphingobacterium mizutae, and the type strains of Flavobacterium multivorum and Flavobacterium thalpophilum were examined for deoxyribonucleic acid-deoxyribonucleic acid relatedness. Duplicate cultures of the type strains and of some of the S. mizutae field strains, from various sources, were included to make a total of 43 cultures examined. Of the 17 F. spiritivorum strains, 15 could be included in that species, but 2 constituted a closely related, but separate, species. For this new species we propose the name Fhvobacterium yabuuchiae, with strain FSOSl (= NCTC 12113) as the type strain. Only three strains could be included in S. mizutae; of the four remaining strains, one represented a separate species 32% related to S. mizutae, one corresponded to Flavobacterium meningosepticum, and the classification of the other two was unresolved. The type strains of F . multivorum and F. thalpophilum were distinct from the other cultures studied. The new combination Flavobacterium mizutaii is also proposed.
suggested that each of these groups may deserve recognition as a separate genus (8). Group D is clearly distinguishable from the other three groups on the basis of simple biochemical characteristics and antimicrobial agent susceptibility patterns (as well as deoxyribonucleic acid [DNA] relatedness data) and has been proposed as a new genus, Weeksella (11, 12). However, the data available from ribosomal ribonucleic acid-DNA hybridization studies do not correlate closely with suggestions that the three remaining groups may represent separate genera (1). The three groups are similar in phenotypic characteristics and antimicrobial agent susceptibility patterns and hence can easily be recognized at the genus level. However, group C is known to be separable from the other two groups by more specialized techniques, including cellular fatty acid composition and DNA hybridization (4, 16), and it has been proposed that this group be recognized as a new genus, Sphingobacterium (16).
As part of continuing studies of Flavobact@rium taxonomy, we determined the DNA relatedness of strains conforming to, or received as, F. spiritivorum and s. rnizutae, including additional strains not included in the original description of either species (9, 16) . As a result of these studies, we propose the new species Flavobacterium yabuuchiae and the new combination Flavobacterium mizutaii. * Corresponding author.
MATERIALS AND METHODS
Bacterial strains. The 43 cultures representing 26 bacterial strains which we studied are listed in Table 1 . Two or more cultures of the type strains and some other strains were used so that incorrect conclusions would not be drawn from results obtained with any possibly misidentified or mislabeled cultures.
Bacteriological investigations. The methods which we used have been described previously (9). DNA techniques. The preparation and purification of DNA and the conditions used to determine DNA relatedness by the hydroxyapatite method have been described previously (2). DNA from the type strains of F. spiritivorum and S . mizutae and from cultures 7 and 14 were labeled with 32P0, in vitro (3). The guanine-plus-cytosine (G+C) content of F. yabuuchiae DNA was determined (in triplicate) spectrophotometrically by the thermal denaturation method (14). DNA from Proteus mirabilis was used as a control.
RESULTS AND DISCUSSION
The DNA relatedness data are shown in Table 2 . Labeled DNA from culture 4 of the type strain of F. spiritivorum was essentially identical to unlabeled DNA from cultures 2, 3, and 5 of the type strain. The level of relatedness (relative binding ratio) ( Table 2) averaged 96%, and the average divergence (percentage of unpaired bases within related sequences) was 0.15% in hybridization reactions done at 55"C, a temperature close to the optimum for DNA reassociation. The average level of relatedness was 98% in reactions done at 70"C, a temperature at which only very closely related DNA sequences can reassociate. The level of relatedness of labeled DNA from culture 4 to unlabeled DNA from culture 1 of the type strain was only 76% at 55"C, although no divergence was observed in the related sequences, and the level of relatedness at 70°C was 83%. The most likely explanation for the decreased level of relatedness 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34   35  36  37  38  39  40  41  42  43   E728STb  KC167ST  F8153T  KC1795T  KC1803T  KC 1804  KC1805  F8040  F8041  F8059  F8060  F8061  F8062  F8081  F8082  F8083  F8084  F8115  F8116  F8117  F8118  KC1796T  B5533T  B5533T  KC180fjT  KC1671T  KC 167 lT  KC1671T  KC1794T  KC1725T  KC1725T  KC1793T  F8125T  F7092   KC1799  F8123  F8126  KC1800  F8124  F8135  F8136  F8137 to 42 were supplied from National Collection of Type Cultures Computer Identification Laboratory stocks, and the remaining cultures were taken from Centers for Disease Control stocks. Cultures 9, 11, 12, and 17 are strains that were identified or received since the original description of F . spiritivorum (9) . Cultures 34 and 43 were identified since the original description of S. mizutae (16) . Cultures 38 to 40 were phenotypically F. mmingosepticum.
of culture 1 is that the DNA was slightly degraded, although no attempt was made to test this possibility experimentally. Labeled DNA from culture 4 was 70 to 90% related (average, 78%) at 55°C to unlabeled DNA from 14 other F. spiritivorurn strains, with 1.0 to 5.0% divergence. In 70°C reactions, the level of relatedness was 57 to 92% (average, 70%). Closer examination of these data indicated DNA hybridization subgroups within the F . spiritivorum strains. If a subgroup is defined as strains with less than 3% divergence in related sequences, then F . spiritivorum cultures 1 to 5,11, 15, and 16 are in one subgroup. Cultures 6 to 8, 10, 13, and 18 form a second subgroup based on their level of relatedness to culture 7 (94% at 55°C with 1.8% divergence; 89% at 70°C [data not shown in Table 21 ). Cultures 9, 12, 17, 20, and 21 showed more than 3% divergence in DNA from both culture 4 and culture 7 and therefore belong to one or more additional subgroups. Similar hybridization subgroups have been recognized in several other species, most notably in Salmonella species, where the subgroups are separable biochemically and have been formally named as subspecies (13) . In Acinetobacter the subgroups are not phenotypically separable and are treated as genotypic, unnamed subspecies. ' D, Divergence. Divergence was calculated on the assumption that each 1°C decrease in the thermal stability of a heterologous DNA duplex compared with the thermal stability of a homologous DNA duplex is caused by 1% unpaired bases within the duplex. Divergence was calculated to the nearest 0.5%. All reactions were done at least twice. The values shown are averages. Before normalization to loo%, the percentage of DNA bound to hydroxyapatite in homologous reactions was approximately 60%. The amount of labeled DNA that bound to hydroxyapatite in control reactions that did not contain unlabeled DNA was less than 1.5%.
These control values were subtracted from the values for all reassociation reactions before normalization.
Different cultures of the type strain were obtained from different sources (see Table 1 ). NT, Not tested.
F . spiritivorurn hybridization subgroups are considered to be genotypic subspecies since they cannot be phenotypically separated.
Labeled DNA from culture 4 was 63 to 64% related to DNAs from cultures 14 and 19, which were received as F . spivitivoruin strains. The level of divergence in these 55°C reactions was 7.5 to 8.0%, and the level of relatedness decreased to about 45% in 70°C reactions. Labeled DNA from culture 14 was 94% related to DNA from strain 19 at 55"C, with 1.0% divergence, and 91% related at 70°C. F. spiritivorum culture 4 DNA was 3 to 24% related to DNAs from cultures of the type strains of F . multivorum and F . thalpophilum and to DNAs from other cultures, including the type strain of S . mizutae.
Labeled DNA from culture 29 of the type strain of S. mizutae was 84 to 91% (average, 89%) related to unlabeled DNAs from cultures 30 to 33 of the S. mizutae type strain in 55°C reactions. The level of divergence was 0 to l.O%, and the level of relatedness was 80 to 95% (average, 89%) in 70°C reactions. The levels of relatedness of culture 29 to S . mizutae cultures 35 to 37 and 42 (representing two additional strains) were 76 to 80%, with 0.5 to 1.5% divergence, at 55°C and 74 to 84% at 70°C. Other strains received as S . mizutae or suspected S . mizutae strains were not related to S . On Acid production from ammonium salt-sugar medium containing: Adonitol L-Arabinose Ethanol Glycerol D-Mannitol Raffinose L-Rhamnose Gelatinase production (plate method) Growth at 42°C The phenotypic results for F. mizurniiand culture 41 were taken from National Collection of Type Cultures records (Holmes, unpublished data), and the G+C contents for these strains were obtained from reference 16. The results for the other taxa were derived from references 9 (F. yabuirchicre and F. spiritivorurn), 10 (F. rnultivorum), and 6 (F. thalpophilum). +, All strains positive; -, all strains negative.
Number of strains showing characteristic/number of strains tested.
Tested in standard API ZYM gallery.
Mean k standard deviation. The numbers in parentheses are the numbers of strains tested.
' NT, Not tested. mizutae at the species level (70% or higher). These included culture 41 (32% relatedness) and cultures 34, 38 to 40, and 43 (7 to 11% relatedness). Similarly low levels of relatedness to S. mizutae were obtained with cultures of F. multivorum and F . thalpophilum.
The DNA relatedness results confirm that F . spiritivorum (15 strains) and S. mizutae (3 strains) are species that are distinct from each other and from F. multivorum and F. thalpophilum. Two strains (cultures 14 and 19) previously regarded as F . spiritivorum represent a separate species. One strain previously included in S. mizutae (16) clearly did not belong to this species. This strain (strain GIFU 2120; cultures 38 to 40) showed only low levels of DNA relatedness (30 to 40%) to other strains included in the species when Yabuuchi et al. (16) described it, compared with our values of 7 to 10%. When examined at both the Centers for Disease Control and the National Collection of Type Cultures, strain GIFU 2120 was independently identified as F. meningosepticum (Holmes and Weaver, unpublished data). This strain proved to be questionable in its lipid composition, and E. Yabuuchi (personal communication) also believes that it would be better to exclude strain GIFU 2120 from S. mizutae. The cultures which we received may not be from the culture used in the original description of S. mizutae, but if this is so, then the original culture is no longer available for study. Another strain previously regarded as S. mizutae clearly represents a separate, but related, species. This strain (culture 41) showed only low levels of DNA relatedness (35 to 49%) to another strain included in the species when it was first described (16) ; these values compare well with our value of 32%. The position of two clinical isolates, cultures 34 and 43, thought to correspond phenotypically to S. mizutae, remained unresolved.
In addition to the low levels of DNA relatedness, culture 41 also differs from true strains of S. mizutae in failing to reduce nitrite, as well as in failing to produce acid from raffinose and L-rhamnose (Table 3 ). Nevertheless, we hesitate to create a new species for culture 41 at the present time because there is only a single strain available. We also hesitate to create a new species for cultures 14 and 19, but there are two strains available and these differ from true strains of F . spiritivorum in failing to hydrolyze strongly 2-naphthyl phosphate at pH 5.4 (production of acid phosphatase) (9) . Therefore, we propose below a name for the latter organisms as we believe that to do so will encourage other workers to search for additional strains of the species. Although cultures 14 and 19 were both from Maine, they were from different patients in different cities so do not represent separate isolates of the same strain. For this new species we propose the name Flavobacterium yabuuchiae in honor of Eiko Yabuuchi, who has contributed much to our knowledge of this particular group of microorganisms.
Flavobacterium yabuuchiae sp. nov. The characteristics of Flavobacterium yabuuchiae (ya.bu.u'chi.ae N.L. gen. n. yubuuchiae, in honor of Eiko Yabuuchi) sp. nov. are given below. The cells of the strains are strictly aerobic, gramnegative, uniformly staining rods, 1.0 pm long, with parallel sides and rounded ends. After 48 h, colonies on nutrient agar, are circular, low convex, smooth, and opaque. Strain F8116 colonies are 1 to 3 mm in diameter; pinpoint colonies occur. A pale yellow pigment is produced that neither diffuses in nutrient agar nor fluoresces on King medium B when exposed to ultraviolet light. Neither strain produces a dark-brown pigment on tyrosine agar. Growth is optimal at 30°C. In this study all biochemical tests, unless specified otherwise below, were carried out at 30°C. The strains grow at room temperature (18 to 22°C) and at 37°C (and are nonmotile in hanging drop preparations at both temperatures), but do not grow at 5 or 42°C. Hemolysis is absent after aerobic growth for 1 day on 5% (vol/voI) horse blood agar.
In all, 118 characteristics are common for the two strains ' Enzyme test included in the standard API ZYM gallery.
(either all positive or all negative). We found 11 characteristics in which the two strains differ ( Table 4 ). The two strains have the following characteristics in common: production of catalase and cytochrome oxidase; oxidative reaction in glucose oxidation-fermentation medium; hydrolysis of tributyrin, Tween 20, Tween 80, and gelatin as determined by the plate method (but no liquefaction of a nutrient gelatin stab); no hydrolysis of tyrosine; no production of opalescence on lecithovitellin agar; no reduction of nitrate or of nitrite; no production of indole; no production of hydrogen sulfide (as determined by the lead acetate paper and triple sugar iron agar methods); growth on P-hydroxybutyrate (without production of lipid inclusion granules) and on MacConkey agar without crystal violet, but not on cetrimide agar; hydrolysis of esculin but not starch; no alkali production on Christensen citrate; no utilization of citrate (Simmons medium) or of malonate; no oxidation of gluconate; no digestion of casein; no production of arginine desimidase, arginine dihydrolase, lysine decarboxylase, or ornithine decarboxylase; no production of 3-ketolactose; no reduction of selenite and no deamination of phenylalanine; production of deoxyribonuclease , urease, P-D-galactosidase (o-nitrophenyl-P-D-galactopyranoside test), and phosphatase; no tolerance for KCN; production of acid in ammonium salt medium under aerobic conditions from D-glucose, D-cellobiose, ethanol, D-( -)-fructose, glycerol, lactose, maltose, mannitol, raffinose, salicin, sucrose, trehalose, and D-( +)xylose; no production of acid in ammonium salt medium under aerobic conditions from adonitol, L-( +)-arabinose, dulcitol, meso-inositol, L-( +)-rhamnose, or sorbitol; production of acid from 10% (wthol) glucose and lactose; and no production of acid or gas from glucose in peptone-water medium.
The following substrates are hydrolyzed (tests done with API ZYM galleries): 2-naphthyl phosphate at pH 8.5; 2naphthyl caprylate ; and 4-meth ylumbelliferylcellobiopyranoside.
The The G+C contents of cultures 14 and 19 were 41.4 mol%. The type strain is strain F8081 (= D7529 = NCTC 12113) (culture 14). Characteristics for the practical identification of the new species are shown in Table 3 . Culture 19 has been deposited in the National Collection of Type Cultures as strain NCTC 12114.
F. yabuuchiae is easily recognizable as a member of the genus Flavobacterium because, like the other members of this genus, strains are nonmotile, yellow-pigmented, oxidase-positive, free-living organisms that are highly resistant to many antimicrobial agents. The genus Weeksella has been proposed for certain Flavobacteriurn-like strains that are nonpigmented commensals of mucous membranes and are susceptible to most antimicrobial agents (11, 12) . Flavobacterium can certainly be subdivided into three natural groups (8) that may correspond to separate genera. Group A includes proteolytic, saccharolytic forms producing indole (F. balustinum, F. breve, F. indoltheticum, F. meningosepticum, and Flavobacterium species group IIb [which includes Flavobacterium gleum and Flavobacterium indologenes]). Group B includes proteolytic nonsaccharolytic forms that do not produce indole (F. odoratum), and group C includes nonproteolytic saccharolytic forms that do not produce indole (F. multivorum, F. spiritivorum, and F. thalpophilum). The small amount of previously published ribosomal ribonucleic acid-DNA hybridization data (1) indicate that none of the species listed above is closely related to the type species of the genus, Flavobacterium aquatile. This means that ultimately all of the organisms currently recognized as Flavobacterium by clinical microbiologists will probably reside in a different genus or genera. In an effort to prevent this, it was proposed that the type species of Flavobacterium be changed to F. breve (7) , but that request was denied (15) . The available ribosomal ribonucleic acid-DNA hybridization data also indicate that two members of group A (F. breve and F. meningosepticum) are too distantly related to be included in the same genus. To avoid too many nomenclatural changes, we prefer to wait for more data to become available before deciding how best to reallocate the species currently included in Flavobacterium.
Yabuuchi et al. (16) found that strains of F . multivorum and F . spiritivorum differed from strains of the other Flavobacterium species in having high concentrations of sphingophospholipids as cellular lipid components. Therefore , they proposed that these two species be transferred to a new genus, Sphingobacterium, along with a new species, S . mizutae (16) . In addition to these three species, Dees et al.
(4) showed that strains of F. thalpophilum also contain sphingophospholipid long-chain bases that are absent in other Flavobacterium species. Strains of these four species also contain major amounts of menaquinone 7 but no menaquinone 6, whereas for the other Flavobacterium species the reverse is true. The results of these authors indicate a closer relationship of F. thalpophilum to F. multivoruni, F . spiritivorum, and S . mizutae. However, these workers also found that all of the strains tested (Flavobacterium and Sphingobacterium) are similar in being characterized by four major cellular fatty acids. Therefore, they made no taxonomic proposals. Some clinical microbiologists prefer to continue referring to all of these organisms as Flavobacterium species, and consequently the invalid combination "Flavobacterium mizutae" has appeared in the literature (5) . S . mizutae was named in honor of Shunsuke Mizuta; since this person was a man, we are advised (T. 0. MacAdoo, personal communication) that the correct specific epithet should be mizutaii (mi.zu.tai'i) with any genus name. For the benefit of those who wish to continue to regard all of these organisms as Flavobacterium species, we propose the new combination Flavobacterium mizutaii for Sphingobacterium rnizutae Yabuuchi et al. 1983 . If further work supports Sphingobacterium as a separate genus, or if other workers feel strongly that there is already sufficient evidence for this purpose, then they should propose transferring both F. thalpophilum and F . yabuuchiae to Sphingobacterium and at the same time correct the name S . mizutae to S . mizutaii.
